Context Predicting habitat use patterns is a key issue in the management of large herbivore populations. Particularly, indicators providing a model of the spatial distribution of a population in a simple way, without the necessity of laborious field research, are still being sought. Analysis of historical landscape changes can be one of such predictive tools. Objectives We tested the hypothesis that historical changes in land use can be used as an effective factor enabling prediction of spatial distribution. As a case study, data on habitat preferences of European bison Bison bonasus (wisents) were used. Methods Spatial distribution of 17302 records of the presence of wisents, collected over the period of 10 years, was compared using contemporary and historical habitat maps for the Bieszczady Mts.
Introduction
Changes in forest cover are among the most distinct effects of human activity on the environment. In the past, these changes were mainly related to deforestation when areas with most fertile soils and best climatic conditions were converted into agriculture (Iverson 1988; Wulf et al. 2010) . However, in Europe, in the last few decades, a new trend has appeared-an increase of forest cover as a result of spontaneous or planned reforestation in areas abandoned by agriculture or due to termination of other activities e.g. former military training grounds (Bowen et al. 2007; Falcucci et al. 2007; Feranec et al. 2010; Estel et al. 2015; Zgłobicki et al. 2016) .
These changes in the landscape have had an effect on forest large herbivores (Gordon 2009 ). In a situation where forests cover the least agriculturally suitable parts of the continent (Wulf et al. 2010 ) the forest wildlife is forced to occur at sites with poor soils. This in turn, determines the abundance and quality of available plants, which is particularly important for herbivores being directly dependent upon the availability and properties of their food base, and therefore sensitive to decrease of carrying capacity of their home ranges (Dimbleby 1984; Drent and Prins 1987; Birks et al. 1999; Vera 2000) . The very well known phenomenon of many ungulate species frequenting agricultural crops, where they can find plentiful and much more nutritious food than in the forest or uncultivated meadows, is also a direct consequence of this historical process (Drent and Prins 1987; Putman 1988; Hofman-Kamińska and Kowalczyk 2012; Klich et al. 2018) . However, when the agricultural land is reforested, it can be expected then that animals having an access to forest stands growing in sites adequate for agriculture, would prefer them over other parts of forested areas. Proving the occurrence of such a phenomenon may help in predicting habitat use patterns of large herbivores and facilitate the management of their populations.
The possibility of testing such a hypothesis is offered by the Bieszczady Mountains (south-eastern Poland), because this region, once quite densely populated, some 70 years ago was deprived of a majority of local inhabitants, and a large part of formerly cultivated land was reforested intentionally or due to natural succession (Augustyn 2004 ). This Fig. 1 Localisation of the study area and home ranges of both considered wisent subpopulations in Bieszczady Mountains: (1) western (so called Baligród herd), (2) eastern (so called Tworylne herd) area is inhabited now by the world's largest mountain population of pure blood European bison (wisents) (approx. 500 individuals) reintroduced there 56 years ago (Augustyn 2004; Marszałek and Perzanowski 2018) . In this paper we focus upon the question, whether parts of the forest growing now at former agricultural land are higher preferred by free ranging wisents, than stands which were never in the past converted into cultivated fields. The wisent seems to be a suitable species for testing hypothesis that the analysis of historical changes in land use can facilitate explanation of the spatial distribution of forest ungulates, as it: belongs to large herbivores (dependent on the fertility of habitats), its population density in Bieszczady is not excessively high (animals can freely select optimal habitats), the species is strictly protected and its population is carefully, routinely monitored (data on its distribution and occurrence are abundant and of high quality).
Methods
Data on historical land use changes and habitat preferences of the European bison were collected within the home range of the population of this species in the Bieszczady Mts. in the south-east of Poland ( Fig. 1 ). Before 1939, the region was characterised by a low forest cover (32%) and high human density of over 70 people/km 2 . Nowadays, the forest cover is close to 80% and the human population is approx. 16 people/km 2 (Augustyn 2004; Statistical Office in Rzeszów 2018) . At present, population numbers of large herbivores, especially red deer, are very high in this area (Perzanowski and Gula 2002) , and the Forest Service in this region is concerned about potential damage to commercial stands, hence the interest in reliable assessment of the spatial distribution and habitat preferences of these species. Such information is crucial not only for the effective management of game species but also for further sound conservation of strictly protected, largest herbivore there-the wisent.
The analysed area covered over 87,000 hectares. The wisent population there has already been monitored for almost 20 years by local foresters and scientists, and all signs of animals' presence (visual observations, tracks, faeces, feeding marks) are recorded in standard observational cards. In total, 17302 records of the presence of wisents were collected: 9715 during the vegetative seasons and 7587 during the winters of 2006-2016 (Table 1) .
The forest cover prevailing until 1939 was obtained from ordnance maps of the Polish Military Geographical Institute (WIG) in a scale of 1:50000 and transformed into projection PUWG-92 (http://polski. mapywig.org/news.php). Vectorization of this layer was done with ArcView/ArcMap 9.2. We obtained information on the contemporary land cover from the CORINE Land Cover 2006 database (http://www.eea. europa.eu/data-and-maps/).
Data analysis
Available data were analysed in two steps. At first, one of data mining techniques, i.e. the association analysis (Tan et al. 2019) was applied in order to identify hidden relationships in the data set and indicate the course for the ultimate statistical analysis. We were looking for association rules (expressed in the form of implication X ? Y) in the habitat selection by wisents considering both the present characteristics of a site (forested or open area) and the type of habitat that prevailed there in the past. We asked about the probability for finding evidence of the presence of wisents in:
• Formerly open but presently forested area (Open ? forest). Two association rule metrics were determined: c Fig. 2 A comparison of the distribution of wisent occurrence records for two subpopulations: western (a, b) and eastern (c, d) within their home ranges (MCP) (see Fig. 1 ), areas regarded as actually used (kernel 95%) and concentration areas (kernel 50%) with the extent of forests and open areas before 1939 (a, c) and at present (b, d).
(1) records of wisent occurrence, (2) MCP, (3) kernel 95%, (4) kernel 50%, (5) settlements, (6) forests, (7) open areas, (8) roads
• Support: determines how often a rule is applicable to a given data (it is the percentage of events that contain the selected rule). • Confidence: measures the reliability of the inference made by a rule and provides an estimate of the conditional probability of Y given X. For a given rule X ? Y, the higher the confidence, the more likely it is for Y to be present in the event that contain X.
This analysis was performed separately for the whole area of the home ranges of wisent populations (MCP), the area assumed as actually used (kernel 95%), and for the areas of concentration of wisents (kernel 50%) (Table 1) (Fig. 2) . The values of the frequency of the occurrence of wisents in a given habitat category were obtained during field research. Expected values were calculated on the basis of the proportion of the area of particular habitat categories within wisent home ranges.
During the second step, only the strongest relationships indicated by the association analysis (i.e. with the highest values of support and confidence metrics) were analysed statistically. The Chi square test for a 2 9 2 contingency table was used for this purpose. The origin of the empirical and expected values was the same as in the earlier analysis.
The analysis was performed using Statistica software (version 13.1, Dell Inc.).
Results
The results of the association analysis show that, for the Open ? forest relationship, the values of the support index for the received data exceed the values of this parameter for the expected data in every case (for populations, seasons, and all methods of home area estimation) ( Table 2) . This indicates an existence of a rule that wisents more often (than could be expected) occur in areas that now are covered by the forest but used to be open in the past. The Forest ? forest relationship is opposite: in a majority of cases, the values of the support index for the received data are lower than for the expected data. This indicates that wisents less frequently than could be expected occur in areas that were forested in the past and remain forested now. The high confidence index values confirm the reliability of these rules. For the third analysed Open ? open implication, the values of support and confidence indexes do not reflect any clear relationship (Table 2) .
Because the association analysis did not confirm any clear relationship for the Open ? open implication (Table 2) , and the Forest ? open implication was very rare (Table 1) , in the second step only records of the presence of wisents from currently forested areas were analysed (i.e. Open ? forest and Forest ? forest implications). Data presented in Fig. 3 show clear preference of wisents towards forests that used to be open areas in the past. For both populations and seasons, the actual numbers of the records of wisent occurrence in such habitats were significantly higher than their expected values. Such a tendency was observed for all methods of home area estimation.
Discussion
The results of our study confirm the hypothesis that the analysis of historical changes in land use can considerably facilitate explanation of the contemporary spatial distribution of large herbivores: wisents clearly preferred forests that had replaced former cultivated fields. This phenomenon is probably a simultaneous effect of a number of environmental factors among which soil fertility, i.e. a more nutritive food base, is probably the most important determinant.
Earlier studies on wisent population of Bieszczady Mountains (Kuemmerle et al. 2010; Perzanowski et al. 2011; Wołoszyn-Gałęza et al. 2016; Ziółkowska et al. 2016; Kuemmerle et al. 2018 ) revealed an influence of many various factors upon the distribution of their herds and habitat selection. That included both: natural features like the type and composition of forest stands, accessibility of open grasslands suitable for grazing, elevation above sea level, steepness and exposition of slopes, and the anthropogenic influence connected with proximity of settlements and traffic volume. The occurrence of wisents was negatively correlated with all human related factors. Among components of natural environment, the strongest positive influence upon the presence of wisents was found for open areas suitable for grazing as well as for tree stands with broken type of tree canopy, and especially in winter, so called secondary forest stands dominated by Scotch pine and alder, with rich ground flora of brambles. However, the The heterogeneous pattern of the spatial distribution of bison was not explicitly explained by the environmental factors considered so far. The factor analysed in this paper, i.e. the fact whether a given forested area was used for farming in the past, may prove very useful for predicting the spatial distribution of large herbivores for several reasons. Firstly, it is very easy for classification, because it can be analysed in a binary scale where only two options (forest ? forest and open areas ? forest) are considered. Secondly, data for such analysis can be obtained very easily, as only an access to historical and contemporary maps is required. Thirdly, this factor merges a number of other aspects, e.g. soil fertility, characteristics of the microclimate, composition of local flora etc., which evaluation requires a number of assessments with various techniques. Therefore, using this factor as a principal indicator provides a model of the spatial distribution of a population in a simple way, without the necessity of laborious field research. As demonstrated in our results, while considering only this factor, it is possible to predict the spatial distribution of wisents with very high probability, since their tendency to prefer among available forest stands those growing at former agricultural land concerns as well whole home ranges as their areas of concentration. Moreover, our results suggest that stronger preference towards secondary forests may occur in winter (higher Chi square test values obtained for MCP in the winter season), which would confirm our expectations, since the higher quality and abundance of food available at former agricultural areas may be more important in this season than in summer.
Summarizing, information on historical changes in land use can be used as a simple and effective factor enabling prediction of habitat selection by wisents. Further investigations are needed to prove whether this approach can also be useful for other large wild herbivores. Results of this study may be useful in assessing the potential value of formerly abandoned lands for rewilding and reintroduction programs (Ceausu et al. 2015) .
